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TRUNCAL VAGOTOMY has been shown previously to
produce dilatation of the gallbladder in man5'9"15

17,25,26 whereas selective vagotomy does not.1'525'26 In
addition, truncal vagotomy leads to diminution in bile
flow6"10"11 and to the production of potentially-lithogenic
bile'0""1,27 (in dogs) and may predispose to the for-
mation of gallstones in man.5'21-' Highly selective
vagotomy (HSV) is a vagotomy confined to the parietal
cell mass.1'8 As in selective vagotomy, the hepatic and
celiac vagal branches are preserved, but, unlike selective
vagotomy, HSV preserves the vagal nerves (of Latar-
jet) to the antrum of the stomach, and in consequence
the addition of a drainage procedure is unnecessary.
The principal advantage of HSV over truncal or selec-
tive vagotomy with a drainage procedure is that gastric
emptying is better regulated, and dumping and diarrhoea
greatly reduced.14"19 However, it seemed possible that
gallbladder function might also be better after HSV
than after truncal vagotomy.
The purpose of this study was to compare the effects

of truncal, selective and highly selective vagotomy on the
gallbladder in man. The resting volume of the gall-
bladder, and its contraction in response to a normal meal,
were measured in patients with duodenal ulcer (DU)
before operation, and in patients who were in good
health more than 1 year after the three types of
vagotomy. In each patient, the vagotomy had been
shown to be complete"3 on insulin testing soon after
operation.

Method
Patients. The resting volume of the gallbladder was

measured in 16 DU patients, 16 patients after truncal
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vagotomy and pyloroplasty (TV + P), 12 patients after
bilateral selective vagotomy and pyloroplasty (SV + P)
and 16 patients after HSV. A detailed comparison of the
four groups of patients is presented in Table 1. In the
DU patients, the diagnosis had been made on the basis of
a typical history and on barium meal examination.
Twelve of the 16 patients later underwent operation, at
which the diagnosis was confirmed in each case. The
pyloroplasties were of the Heinecke-Miculicz variety in
all except two patients, in whom Finney pyloroplasties
were constructed. The contraction of the gallbladder in
response to a meal was followed for 90 minutes in all
16 DU patients, in 15 of 16 patients after TV + P, 4 of 12
patients after SV + P and 10 of 16 patients after HSV.
Measurement of Volume of Resting Gallbladder and of

the Contraction after a Meal. The gallbladder was dem-
onstrated by means of oral cholecystography. Ten hours
before examination, the patient ingested 3 Gm. of
Solubiloptin powder in water after a meal. Thereafter,
he fasted, but took a further 3 gm. of Solubiloptin in
water 5 hours later. Radiographs were taken in the same
X-ray room, in a standard way, by one experienced
radiographer. The patient lay prone on the X-ray table,
and was placed carefully in the same position before
each exposure was made. The distance from the X-ray
tube to the film was known, and the antero-posterior
thickness of the patient's body at the level of the gall-
bladder was measured in centimeters. These measure-
ments permitted calculation of a correction factor8 which
was later applied to the computed volume of the gall-
bladder.
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IATALE 1. Comparison of the Four Grouips of I'atienits

Mouths after Instlin' Test
Nuimber Male/Female Age: Years \Weig}ht (1KG) Operation > 1 Year Post-op*

Preoperative 16 ALL 49. 8 63.8
DU M1 42.8 ±2. 1

PruLCnl1 16 ALL 49.3 72.7 26.9 5 -ve
P&P 3 Late +ve

1 LEarly +ve
1 i2. 2 ±2.2 ±3.8 7 NI)

Selective 12 1l0OA 48.5 61 .8 39.8 NI)
V&I' 2F 4.0 42.6 3. 7

Highly Selective 16 1iM 48.0 67. 3 21 .1 4 -ve
Vagotomy 7 Late +ve

2 larly +v-e
IF ±2.3 42.0 ±1 .3 3 NI)

NIuimbers are arithmetic meanis ± onie standard error.
* The insulin test had beeni niegative in each vagotomiiized patient in the early postoperative period. 'rests mor-e thani 1 year after vaigotomiy

were jtudged negative, early-positive or late-positivel' .24 ND1)-not donie. lPitienits after vagotomy were all in good health, with good-to-
excellent clinical resuilts.

Meal. After the first film had been taken to demoni-
strate the volume of the "resting" gallbladder (resting
volume), the patient was asked to sit in a chair. He
then ate a small meal consisting of oIne slice of a
standard white loaf of bread, with 28 gin. of btitter and
one standard cup (180 ml.) of tea, to which were added
milk and sugar to taste. Two teaspoonfuls (8 ml.) of
thin barium emulsion were eaten Nwith the meal, so that
contraction of the gallbladder could be timed, not from
the time of eating, but from the time at which the head
of the meal first entered the duodenum. The first tea-
spoonful of barium was taken with the first mouthful of
bread and buttei.
Immediate screening of the first ten patients showed

that barium entered the duodenum (fuickly, within 2 to
5 minutes in each case. This rapid initial emptying was
seen to occur both in DU patients and in patients after
TV + P and HSV. Thereafter, the assumption was mlade
that gastric emptying would be rapid, and in all sub-
sequent tests serial radiographs were taken at 15-minute
intervals after the end of the meal for 90 minutes. In
the intervals between the exposure of radiographs, the
patient sat upright in a chair.

Reproducibility Studies. The resting volume of the
gallbladder was measured on a second occasion in 12
patients: in three patients with DU before operation,
three patients after HSV, four patients after TV + P and
2 patients after SV + P. The interval between the first
and second measurements varied from 3 to 29 weeks,
with a mean of 11 weeks.

Calculation of the Volume of the Gallbladder. The two-
dimensional picture of the gallbladder, giving the area,
was converted to a figure representing the volume of the
gallbladder in milliliters, by means of the standard tables
provided by de Paula e Silva.8 This computed volume
was then converted to the corrected volume by applica-

tion of the correction factor which compensated for the
magnificationi of the image on the film. These calculations
were all performed by the radiologist (GJSP), who was
kept in ignoranice of the group to which each patient be-
longed.
The Outline of the Gallbladder was traced on to un-

exposed X-ray film with a fine-pointed ball-point pen.
Contrary to expectation, little diffictilty was experienced
in decidinig where Hartmann's pouch ended and cystic
duct began, and two observers-radiologist and surgeon
-were able to reach complete agreement on this score.
Measurement of Diameters of the Gallbladder. The

method of de Paula e Silva" conisists essentially of "slic-
ing" the traced outline of the gallbladder into strips, each
strip being 3, 5 or 8 mm. wide. The width of each strip
is measured with a ruler in millimeters. This measure-
ment gives the diaimeter of a cvlinder, 3, 5 or 8 mm. in
height, and the volume of that cylinder is read off from
the standard tables provided. (The assumption is made
that the gallbladder is circular on cross-section). Two
observers each calculated the volumes of the same 20
gallbladders, and the volumes which they obtained were
compared.
Volumes of the gallbladder in each of the four groups

of patienits were expressed as arithmetic means plus or
minus one standard error of the mean. The significance
of differences between grouLps was calculated using Stu-
dent's t-test for unpaired data. Student's t-test for paired
data was uised for calculation of the significance of
changes in the volume of the gallbladder after the meal.

Results
DU Patients. The mean restinig volume of the gall-

bladder was 27 ± 1 ml., in 16 patients (Figs. 1 and 2).
The range was from 15 to 36 ml. After the food, the mean
volume decreased to 12 ± 2 ml., in the same 16 patients
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(Fig. 2). The mean smallest single volume (irrespective
of when it was recorded) was 10.9 + 1.4 ml. If the rest-
ing volume of the gallbladder is taken as 100%, the mean
smallest volume recorded after the meal was 39 + 4%.
The smallest mean volume (12.5 ml.) was reached at 45
minutes, but was little smaller than the mean volume
recorded at 30 minutes (13 ml.). The difference between
the volumes recorded at 30 and 45 minutes p.c. was not
statistically significant (0.4 > p > 0.3). The mean vol-
ume of the gallbladder increased from 12 to 14 ml. be-
tween 45 and 90 minutes. This increase was not statisti-
cally significant (0.1 > p > 0.05).

Patients after TV + P. The mean resting volume of
the gallbladder was 43 + 4 ml., in 16 patients. Volumes
ranged from 15 to 84 ml., and seven of the 16 patients
had gallbladder volumes greater than 40 ml. After the
meal, the mean volume decreased from 40 + 4 to 17 + 2
ml., in 15 patients (Figs. 1 and 2). The mean smallest
volume, regardless of when it occurred, was 14.4 ± 2.2
ml., 33 ± 3% of the resting volume. The smallest mean
volume was recorded at 45 minutes (Fig. 2). The mean
volume decreased from 19.2 ml. at 30 minutes to 16.9 ml.
at 45 minutes, then increased again to a mean of 20.5 ml.
at 90 minutes. The decrease in volume between 30 and
45 minutes, and the subsequent increase in volume be-
tween 45 and 90 minutes, were both statistically signifi-
cant (p < 0.05).
The resting volume of the gallbladder was significantly

(p < 0.01) greater after TV + P than in DU patients
before operation. It was also greater than in patients after
HSV (p < 0.01) or SV + P (p < 0.02). Also, the two
consecutive lowest volumes attained after the meal, in
patients after TV + P, were significantly greater than
the two consecutive lowest volumes in DU patients or in
HSV and SV + P patients combined (p < 0.05).

Patients after SV + P. The mean resting volume was
27 + 4 ml., in 12 patients. The volumes ranged from 8
to 53 ml. (Fig. 1). Three of the 12 patients had gall-
bladder volumes greater than 40 ml. Contractility in re-
sponse to food was measured in only four patients, in
whom the mean volume decreased from 41 ± 5 to 8 ± 2
ml. The mean smallest volume was 18 ± 4% of the resting
volume. The smallest mean volume was recorded at 60
minutes. The resting volume of the gallbladder after
SV + P was not significantly greater than that of pre-
operative DU patients (p > 0.9) and contractility was
unimpaired in the four patients in whom it was measured.

Patients after HSV. The mean resting volume of the
gallbladder was 28 + 2 ml., in 16 patients. The range
was from 13 to 46 ml. (Figs. 1 and 2) or from 13 to 60 ml.
if the result of the second test in a reproducibility study
is included. Two of the 16 patients had gallbladder vol-
umes greater than 40 ml. (44 and 46 ml.). After the meal,
the mean volume decreased from 27 ± 2 ml. to 14 ± 2
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FIG. 1. Gallbladder volumes after three types of vagotomy. Rest-
ing volume of the gallbladder is shown, for each patient. Hori-
zontal lines indicate arithmetic mean. Truncal vagotomy and
pyloroplasty is followed by significant dilatation of the gallblad-
der: Selective vagotomy and pyloroplasty and highly selective
vagotomy are not, though the gallbladder is dilated in a few
individuals after these procedures.
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FIG. 2. Gallbladder contraction after a meal. There is no impair-
ment of gallbladder contraction after truncal vagotomy and pylo-
roplasty or highly selective vagotomy. Even after maximal con-
traction, the volume of the gallbladder in patients after truncal
vagotomy and pyloroplasty is greater than in patients after highly
selective vagotomy or than in preoperative DU patients.
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ml., in 10 patients. The mean smallest volume (regardless
of when it occurred) was 11.7 + 4 ml., 46 + 5% of the
initial volume. The smallest mean volume was recorded
at 45 and at 75 minutes, but as in the preoperative DU
patients, the smallest mean volume had almost been
reached by 30 minutes. Between 45 and 90 minutes, mean
gallbladder volume increased by only 0.9 ml., from 14.5
to 15.4 ml. The resting volume of the gallbladder, and its
contractility in response to food, were not significantly
different in patients after HSV from those which were

found in DU patients before operation.
Reproducibility of Measurement of Resting Volume.

Good agreement, within 20%, was obtained in seven of
the 12 patients. Reproducibility was poor in five patients
(Table 2). The difference between the paired measure-

ments averaged 21% of the first measurement. The mean

difference in volume between first and second tests was

7.5 + 1.9 ml.
Correlation between Measurments Made by Two Ob-

servers. The mean (uncorrected) resting volume recorded
by the first observer was 49.0 + 4.8 ml., in 20 patients,
and that recorded by the second observer in the same

patients was 48.7 4.7 ml. The mean difference was

0.77 + 0.13 ml., 1.5 + 0.2% of the value recorded by the
first observer.

Discussion

The resting volume of the gallbladder was found to
be significantly larger (p < 0.01) in patients who had
undergone TV + P than in patients with duodenal ulcer
before operation. Since the resting volume of the gall-
bladder is the same in DU patients as in normal sub-
jects,20 one may conclude that the gallbladder is ab-
normally large after truncal vagotomy. After HSV or

SV + P, in contrast, the gallbladder was not dilated,
on average, although a few individual patients were

found to have dilatation of the gallbladder. This may

have been due to inadvertent damage to the hepatic
fibres at the time of operation and has been noted pre-

viously in an occasional patient after SV.7,15 Our find-
ings confirm those of previous workers who reported
that the gallbladder is dilated after TV in man5'9"5'
17,25,26 and that it is not dilated after SV.15,25,26 We have
added the new information that the gallbladder is not
dilated after HSV, which was the expected finding,
since HSV preserves all the structures which are pre-

served by SV. The gallbladder has been shown to dilate
progressively in the course of the first year after TV,"7
which may explain why Glanville and Duthie,12 who
measured the volume of the gallbladder less than a

year after TV, did not find significant dilatation.
While it has been stated that the volume of the gall-

bladder approximately doubles after TV in man, 26 our

own findings are more in keeping with those of Krause
and colleagues, who reported that the mean volume of
the gallbladder in 13 patients was 33 ml. before operation
and 49 ml. after TV with a drainage procedure.9 As in
our own study, the increase in size of the gallbladder
varied widely from patient to patient, and was less than
10% in three of the 13 patients and less than 2 ml. in four
of the 13. If an arbitrary figure of 37 ml. is taken as

the upper limit of normal for gallbladder volume (Fig.
1), nine of our 16 patients had dilated gallbladders after
TV + P.
As is evident from the data presented in Table 1,

matching of the four groups of patients was not perfect.
In particular, patients after TV + P were heavier on

average than preoperative patients, and the interval be-
tween operation and measurement of gallbladder size
was longer in patients after SV + P than in patients after
HSV or TV + P. In addition, we found that the re-

producibility of the measurement of gallbladder volume
left much to be desired. Nonetheless, the difference be-
tween the gallbladder volumes after TV + P and the
volumes in the other three groups of patients was striking
and it seems reasonable to ascribe it to the operative
procedure itself, rather than to imperfections of the
method.

TABLE 2. Resting Volume of the Gallbladder: Results of Paired Tests in the .Same Patients

1 2
Time Interval between Vol. at 1st Test Vol. at 2nd Test Difference: Per cent of

No. Group Tests (weeks) ml. ml. Difference ml. Volume at First Test

1 DU 3 23.5 24.8 1.3 5.6
2 DU 3 32.5 30.6 1.9 5.9
3 DU 8 24.7 26.8 2.1 8.4
4 HSV 11 18.9 26.5 7.6 40.1
5 HSV 29 36.4 60.3 23.9 65.6
6 HSV 10 28.5 32.8 4.3 15.3
7 SV 29 53.1 41.9 11.2 21.1
8 SV 8 42.0 29.8 12.1 28.9
9 TV 8 37.1 42.2 5.1 13.7
10 TV 9 74.1 67.1 7.0 9.5
11 TV 8 38.3 48.9 10.7 27.9
12 TV 10 34.2 31.2 3.0 8.7

Mean 11.33 wks. 36.91 38.56 7.51 20.88
i1 SEM 2.49 4.28 4.01 1.85 5.13
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Although on average the resting volume of the gall-
bladder was significantly greater after TV + P, con-
tractility after a meal was unimpaired (Fig. 2). That
the vagally-denervated gallbladder contracts vigorously
in response to the presence of fat in the intestine has
been known for many years.4'12"7'29 This is explicable
on the grounds that contraction is due mainly to the
release of cholecystokinin.'6 However, the smallest mean
volume which the gallbladder attained after contraction
(14.4 ml.) in patients after TV + P was still larger
than the volumes which were recorded in patients before
operation (10.9 ml) or in patients after HSV (11.7 ml).
The difference (DU cf TV) was not significant
(0.2 > p > 0.1), but if the two consecutive lowest
volumes attained in each test are compared, the dif-
ference is just statistically significant (DU cf TV; p <
0.05: DU cf (HSV + SV), p < 0.05). That the volume
of the gallbladder is much increased after TV, even
after contraction, has been noted previously.15'25 Thus,
the residual volume of bile in the gallbladder after con-
traction is probably increased significantly after TV.
This could predispose to the subsequent formation of
gallstones.

It has been shown that stimulation of the vagi leads
to an increase in bile flow, both in man2 and in dogs."1'28
Stimulation of bile flow in this way cannot occur after
truncal vagotomy. In dogs, truncal vagotomy leads to
diminution in bile flow6"10"'1 and to a change in the
composition of bile, such that it is more lithogenic.6"0'27
In man, the formation of gallstones is favored by stasis
of bile, infection and an increase in the ratio of cho-
lesterol to bile acids.3 Several clinical studies suggest
that truncal vagotomy may predispose to gallstone for-
mation.5'21-23 Clave and Gaspar,5 for example found that
no fewer than 21 of 92 patients after TV + P had
evidence of gallbladder disease, whereas Krause showed
in 196320 that the incidence of gallstones in patients with
duodenal ulcer who have not undergone operation is
little different from that which is found in normal people.
In conclusion, we suggest that function of the biliary
tract may be better after HSV than after truncal
vagotomy, because preservation of its vagal nerve supply
may prevent not only dilatation of the gallbladder, as
shown in this study, but also the changes in bile flow
and composition which follow truncal vagotomy. How-
ever, since these changes in bile after truncal vagotomy
have been demonstrated only in the dog and not in man,
further study of bile after the three types of vagotomy
in man is indicated.

Summary

The resting volume of the gallbladder, and its contrac-
tion after a normal meal, were studied by means of oral
cholecystography in patients with duodenal ulcer be-

fore operation, and in patients who were in good health
more than 1 year after truncal, selective or highly selec-
tive (parietal-cell) vagotomy. It was found that truncal
vagotomy led to significant dilatation (p < 0.01) of the
gallbladder. Selective and highly selective vagotomy,
both of which preserve the hepatic vagal fibers, were not
followed by dilatation of the gallbladder.

Contractility of the gallbladder was unimpaired after
each of the three types of vagotomy. It is suggested that
function of the biliary tract in man may be better after
highly selective vagotomy than after truncal vagotomy.
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